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Abstract — The objective of this work was to estimate cardinal temperatures and phyllochron for the leaf
development of the eucalyptus species Corymbia citriodora and Eucalyptus urophylla, in the seedling phase.
A field experiment was carried out in a completely randomized design, in a 2x11 factorial arrangement, with
the two eucalyptus species, 11 sowing dates, and five replicates, in the municipality of Itajuba, in the state
of Minas Gerais, Brazil. The cardinal temperatures — base, optimum, and maximum — for leaf development
were, respectively, 8.7, 17.1, and 41.3°C, for C. citriodora, and 11.5, 17.1, and 40.5°C for E. urophylla. The
phyllochron of C. citriodora was 62.95°C day per leaf, and that of E. urophylla was 46.03°C day per leaf,
which indicates that E. urophylla requires less energy accumulation than C. citriodora for leaf emission in
the main stem.

Index terms: air temperature, leaf emission rate, phyllochron, seedling quality, thermal requirement.

Temperaturas cardinais para o desenvolvimento foliar de
mudas de Corymbia citriodora e Eucalyptus urophylla

Resumo — O objetivo deste trabalho foi estimar as temperaturas cardinais e o filocrono para o desenvolvimento
foliar das espécies de eucalipto Corymbia citriodora e Eucalyptus urophylla, durante a fase de muda. Um
experimento de campo foi realizado em delineamento inteiramente casualizado, em arranjo fatorial 2x11, com
as duas espécies de eucalipto, 11 épocas de semeadura e cinco repeti¢cdes, em Itajuba, MG. As temperaturas
cardinais — basal inferior, 6tima e basal superior — para o desenvolvimento foliar foram, respectivamente,
8,7, 17,1 e 41,3°C, para C. citriodora, e 11,5, 17,1 ¢ 40,5°C, para E. urophylla. O filocrono de C. citriodora foi
de 62,95°C dia por folha, e o de E. urophylla, de 46,03°C dia por folha, o que ¢ indicio de que E. urophylla
necessita de menor acimulo energético do que C. citriodora para a emissdo de folhas na haste principal.

Termos para indexagdo: temperatura do ar, taxa de emissao foliar, filocrono, qualidade de mudas, necessidade

térmica.

Introduction

Air temperature has a direct effect on the
physiological processes of plants, moderating
the biochemical reactions of photosynthesis and
photorespiration, besides regulating the enzymatic
activities, the transportation and translocation speed
of solutes, and the balance between transpiration and
soil water consumption. These processes directly
affect the plant development rate (Soltani & Sinclair,
2012; Callejas et al., 2014), with emphasis on leaf
emission rate, known as phyllochron (Erpen et al.,
2013), and on yield. Air temperature is considered
the meteorological element that most affects the
development of annual and perennial plants (Rosa et
al., 2009; Lisboa et al., 2012).

Mathematically, the daily accumulation of available
energy can be determined by linear functions, such
as that of the phyllochron, or nonlinear functions,
which are widely used in annual and perennial crop
development models (Streck et al., 2011; Callejas
et al.,, 2014; Martins et al., 2014). Regardless of the
function type, they require the inclusion of cardinal
temperatures — base (Tb), optimum (Tot), and
maximum (TB) —, that represent the thermal limits
within which plants develop properly (Miiller et al.,
2009; Rosa et al., 2009). The base and maximum
temperatures (Tb and TB) represent, respectively,
the temperatures below or above which the plant
development is null or negligible (Miiller et al., 2009;
Souza & Martins, 2014). The optimum temperature
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represents the temperature at which plant development
is maximum. The cardinal temperatures vary between
species, genotypes of the same species and also
according to the evaluated period of development
(Lago et al., 2009).

In most cases, cardinal temperatures are determined
by statistical methods, based on data of phenological
observations and average air temperature (Lago et al.,
2009; Souza & Martins, 2014). For the Tb estimation,
there is a variety of methods, among which the most
used ones are: standard deviation in days and degree-
days, the coefficient of variation in days and degree-
days, regression coefficient, X-intercept, and the
smallest value for the mean square error (Yang et al.,
1995; Sinclair et al., 2004). In order to estimate the
optimum temperature, plants should be subjected to
the best developmental conditions, which is usually
done under controlled experimental conditions
(Soltani & Sinclair, 2012) using of growth rooms,
which are expensive. However, for the estimation of
TB, the number of methodologies is reduced and,
generally, they have a high cost of determination.
Moreover, these temperatures are hardly reached
during the development cycle in the field (Lima &
Silva, 2008; Souza & Martins, 2014).

The knowledge of cardinal temperatures and
phyllochron values is important to optimize the
management strategies, to improve seedling
production and quality, to support selection and
breeding programs, and to choose species that
are more adapted to the climatic conditions of the
growing location (Miiller et al., 2009; Martins et al.,
2012). Studies of this nature are widely carried out on
agricultural (Sinclair et al., 2004; Lago et al., 2009;
Lucas et al., 2012), ornamental, and medicinal crops
(Luz et al., 2012), but are still scarce on perennial
crops (Lima & Silva, 2008; Callejas et al., 2014; Souza
& Martins, 2014), especially forest species, even on
those of great economic interest, such as eucalyptus
(Martins et al., 2007).

Theincreasing demand for products from eucalyptus
(Abreu et al., 2015), as well as the importance of
producing and using good quality seedlings for
success in field establishment (Martins et al., 2007),
makes this information important for increasing the
efficiency of this crop chain of production.

The objective of this work was to estimate cardinal
temperatures and phyllochron for leaf development
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of the eucalyptus species Corymbia citriodora and
Eucalyptus urophylla, in the seedling phase.

Materials and Methods

The experiment was carried out in the experimental
area of the Universidade Federal de Itajuba, in the
municipality of Itajuba, in the state of Minas Gerais,
Brazil. According to K&ppen-Geiger’s classification,
the climate of the region is Cwa, tropical of altitude,
with dry winters, and hot and rainy summers (Abreu
et al., 2015).

The experiment was conducted in a completely
randomized design, in a 2x11 factorial arrangement,
with two eucalyptus species, Corymbia citriodora
(Hook) K. D. Hill & L. A. S. Johnson and Eucalyptus
urophylla S. T. Blake, 11 sowing dates, and 5
replicates, totalizing 110 experimental units (EU).
Each EU contained two plants, grown in 8 L pots
filled with soil of the A horizon of a Latossolo
Vermelho distrofico tipico (Santos et al., 2013), a
Rhodic Hapludox.

The chemical and physical analyses of the soil were
carried out, with subsequent correction of acidity
and fertility by the application of 10.18 g of simple
superphosphate, 0.31 g of potassium chloride, and
0.20 g of ammonium sulfate, in each pot, in addition
to liming with 12.32 g of CaCQO;, according to Ribeiro
et al. (1999).

The pots were coated with newsprint paper to
prevent substrate heating by the absorption of solar
radiation, which could be a source of experimental
error (Martins et al., 2007). Daily and regular watering
was carried out in the evening period, aimimg at
leaving the soil close to saturation in each pot, in order
to eliminate the possibility of water stress occurrence,
which could affect leaf emission. Watering was not
performed on rainy days.

Sowing was performed at 30-day intervals, in order
to expose plants to different meteorological conditions
(Table 1) during their development (Miiller et al., 2009;
Rosa et al., 2009). For the estimation of the optimum
temperature, 11 sowing dates were used, while for
Tb estimation, only the first four sowing dates were
used, since they included the lowest air temperatures
(Sinclair et al., 2004). Similarly, only the sowing dates
with the highest air temperatures were used in the
estimation of TB (Lima & Silva, 2008).
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Leaf development was quantified by the number of
leaves accumulated in the main stem (NL) during the
seedling phase, which began when plants reached 50%
of the emergence, and ended when each experimental
unit reached an average of 20 accumulated leaves
(Martins et al., 2007; Abreu et al., 2015). The axillary
shoots were removed, in order to keep only the main
stem growing. The number of leaves was counted
once a week, when each leaf was at least 1.0 cm length
(Martins et al., 2012).

Daily data of average air temperature were collected
from the automatic meteorological station of the
Universidade Federal de Itajuba, located 500 m apart
from the experimental area.

In order to estimate Tb, the methodology of the
smallest mean square error (MSE) (Sinclair et al.,
2004) was used, which was chosen for its precision
and simplicity (Martins et al., 2012). For each
species and sowing date (El to E4), simple linear
regressions were carried out between the mean NL,
given by the arithmetic mean of the NL of the five
experimental units, and the accumulated thermal
time (TT, °C day), obtained by the expression

TT=) T,,—Tb, if T, <Tb,T,, =Tb
i=1

med

Table 1. Sowing date and seedling emergence periods® of
Corymbia citriodora and Eucalyptus urophylla.

Sowing date Seedling emergence

C. citriodora E. urophylla

El, 04/04/2014 04/22/2014 04/22/2014
E2, 05/05/2014 05/15/2014 05/15/2014
E3, 06/02/2014 06/26/2014 06/26/2014
E4, 07/02/2014 07/30/2014 07/30/2014
ES5, 08/19/2014 09/07/2014 09/07/2014
E6, 09/16/2014 09/30/2014 10/02/2014
E7, 10/15/2014 10/29/2014 10/29/2014
E8, 11/18/2014 12/03/2014 11/30/2014
E9, 12/18/2014 12/28/2014 12/28/2014
E10, 01/21/2015 02/05/2015 -®

El1, 02/20/2015 02/27/2015 02/27/2015

(MThe emergence date was considered when 50% of the seedlings were
above the soil level. ®All experimental units of E. urophylla were lost in
the E10 sowing date.

in which: T,,.qis the medium air temperature, obtained
by the arithmetic mean of hourly temperatures from
the automatic weather station (°C); Tb is the base
temperature (°C); ‘1’ is the date of emergence; and ‘n’
is the end date of the seedling phase. For the calculation
of TT, a Tb series that varied from 0 to 20°C was used
at 0.5°C intervals (Lucas et al., 2012). The Tb value
for each sowing date was the one that showed the
lowest MSE value of the linear regressions (Martins
et al., 2012); while the Tb value, for each species,
was obtained by the arithmetic mean of the Tb values
observed at different sowing dates.

To estimate TB, the methodology modified by
Lima & Silva (2008) was used with the following
expressions:

Case 1: TB>Tmed> Tb.

A=N,-TM,-TM, - N, - TM, - Tm,
B=-N,-TM,-TM, +N,-TM, - Tm,

C=(-TM, +Tm,)-(-~TM, + Tm,)

D=N,-Tm,” N, -2-Tm, -N, -N, -Tb—Tm, - Tm, - N,?

E=-Tm, -TM, N +N,”-TM, -Tm, - Tm, -N,* - Tm, +2-Tm, -N,> - Tb
F=Tm,-N>-TM, -2-N,>-TM, - Tb-2-N-TM, - Tb
G=TM,-N;?-TM, + Tm-N, -N, —=2-Tm, -N, -N, - Tb
H=2-Tm,-N,”-Tb+2-N,-TM, N, -Tb+2-N, -TM, -N, - Tb
[=-2-N,-TM, -N,-TM, +N,?-TM, - TM, - Tm, -N,* - TM,

J=-N,-TM, +N,-Tm, + N, -TM, - N, - Tm,

TB=[A+B+./Cx(D+E+F+G+H+1D)]/J

Case 2: TB> Tb>Tmed. For calculation purposes,
the highest TB value is considered:

A=-N,-Tb-TM, + N, -Tb-Tm, + N, - TM, - Tb
B=-N,-Tm,-Tb—2-N, -TM, - TM, +2-N, - TM, - T,
C=2-N,-TM,-TM, —=2-N,-TM, - Tm,

D=N,-TM, —-N, -Tm, - N, -TM, + N, - Tm,

TB=(A+B+C)/D,

in which: N; and N, are the number of days of
seedling production cycle — ranging from 50% of
emergence to the final seedling phase — for the two
sowing dates, respectively, with the highest average of
air temperature; TM; and TM, are the maximum air
temperatures of the two sowing dates; Tm, and Tm, are
minimum air temperatures.

In order to estimate the optimum temperature, the
methodology proposed by Lisboa et al. (2012) was
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used, which is based on the arithmetic mean of air
temperature of the sowing date with the highest leaf
development and, consequently, lowest phyllochron.
For this, the phyllochron was determined for each
species and experimental unit, during the sowing
dates, by the inverse of the linear regression coefficient
between NL and TT, from the emergence date, using
the Tb value estimated by the MSE.

To verify the normality of the data, the Shapiro-
Wilk test was used, at 5% probability. Data which
did not follow normality were transformed by Ln(x).
The phyllochron values were subjected to the analysis
of variance, in order to evaluate the effect of the
sources of variation (species and sowing dates); and
the means were compared by the Scott-Knott’s test,
at 5% probability. The tests were carried out with the
statistical Sisvar software, version 5.3 (Ferreira, 2011).

Results and Discussion

Plants were subjected to wide temperature oscillations
during the evaluated 11 sowing dates (Table 2).
Air temperature varied between 3.8°C — absolute
minimum value of temperature, observed in the sowing
dates E2, E3, and E4 — and 35.7°C, absolute maximum

temperature, observed during the sowing dates E3 to E9.
These different meteorological conditions affected leaf
emission speed and development, which are important
in studies of development and plant growth (Rosa et al.,
2009), and for the estimation of cardinal temperatures
(Lima & Silva, 2008; Souza & Martins, 2014).

The difference in the meteorological conditions
during the 11 sowing dates also affected the seedling
development, whose duration showed a tendency of
reduction during periods with higher temperatures,
and a tendency of increase during periods with lower
temperatures. The presence of an inverse relationship
between air temperature and duration of the seedling
phase justifies the choice of the first four seasons
(April, May, June, and July) for the Tb estimation.
The same tendency was observed by Luz et al. (2012)
in canola, and by Souza & Martins (2014) in olive
cultivars. However, E7 showed a long duration, even in
high air temperature conditions, which would justify
the choice of this period for the TB estimation, while
E8 was chosen due to the higher mean air temperature
value, in relation to the other periods. It is known that
environmental factors, such as extreme temperatures,
water and nutritional stress, and photoperiod affect
the leaf emission rate (Rosa et al., 2009). In this sense,

Table 2. Air temperature characterization” during the eleven sowing dates of Corymbia citriodora and Eucalyptus

urophylla, and the seedling phase duration® for each period.

Sowing Corymbia citriodora Eucalyptus urophylla

date Temperature (°C) Seedling phase Temperature (°C) Seedling phase
Medium  Maximum  Minimum duration (days) Medium  Maximum  Minimum duration (days)

El 17.1 20.2 13.9 97 17.1 20.2 13.9 97

E2 18.5 26.5 13.9 166 18.4 26.5 13.9 159

E3 18.8 26.5 14.0 117 18.8 26.5 14.0 117

E4 20.2 26.5 14.0 97 204 26.5 14.0 104

ES 223 26.5 15.6 122 222 26.5 15.6 124

E6 227 26.5 15.6 99 22.7 26.5 15.6 99

E7 23.4 27.3 19.1 105 23.4 27.3 194 114

E8 23.6 27.3 19.1 79 23.6 27.3 19.1 79

E9 232 27.3 19.1 89 232 27.3 19.1 89

E10 20.9 26.1 15.2 116 -® - - -

Ell 20.0 247 153 105 20.3 24.7 153 94

(MValues obtained by arithmetic averages of maximum, medium and minimum air temperatures. ®Period extending from the emergence to the end of
seedling phase, which occurred when the accumulated leaves of the main stem achieved an average of 20 leaves. ®All experimental units of E. urophylla

were lost in the E10 sowing date.
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despite the regular and constant watering, it should
be noted that, during the period of conduction of the
experiment, the cumulative rainfall was 1,286.8 mm,
which is below the climatological average of 1,440
mm. In addition, elevated temperatures occurred,
mainly during the E7 and E8 (Table 2). However, this
variation of the meteorological conditions, mainly for
air temperature, is desirable and a premise for this type
of study (Lago et al., 2009; Rosa et al., 2009; Martins
et al., 2012).

For Tb estimation, all regressions between the mean
NL and the TT showed high values of the adjusted
coefficient of determination (R?adj) — above 0.897 for
C. citriodora, and 0.845 for E. urophylla; low MSE
values — lower than 1.426 and 1.961, respectively; and
significant angular and linear coefficients (p<0.05).
These characteristics are desirable for Tb estimation
by the lower MSE values method (Sinclair et al., 2004;
Martins et al., 2007).

The evaluated species and sowing dates varied for
Tb values (Figure 1), which was also observed by
Lucas et al. (2012). For C. citriodora, in El, the lowest
value of MSE (0.2487) was for Tb=6°C; in E2, the

Mean square error (MSE)

Base temperature (°C)

lowest value of MSE (0.6073) was for Tb = 0°C; in E3,
the lowest value of MSE (0.1535) was for Tb=11.5°C;
and in E4, the lowest value of MSE (0.3482) was for
Tb = 0°C. However, from a biological point of view,
the value of Tb = 0°C is not considered realistic and,
therefore, it was not considered when the average
Tb of the species was obtained (Lago et al., 2009;
Martins et al., 2012). Thus, the value of Tb obtained for
C. citriodora was 8.7°C, using the arithmetic mean
of the Tb values of El and E3, except for E2 and E4,
which showed Tb = 0°C.

The sowing dates E2 and E4 were also not used for
the estimation of Tb for E. urophylla (Figure 1), as the
lower values of MSE (E2 = 0.9400, and E4 = 0.6327)
were obtained for Tb = 0°C. The sowing dates El
and E3 showed the lowest values of MSE (0.2541 and
0.5108, respectively) for Tb = 11.5° C, and this value
was considered as the Tb of the species. These results
indicate advantages in the production of seedlings of
C. citriodora in relation to E. urophylla, for winter
sowing, when the temperatures are lower.

The Tb varies among species, genotypes of the
same species, and usually varies due to the stage of

Base temperature (°C)

[ @ El

A E2

@E3 VE4]

Figure 1. Mean square error (MSE) of the regression between the number of accumulated leaves in the main stem and the
accumulated thermal time, in the four sowing dates with lower values of medium air temperature, with the use of different
values of base temperature for: A, Corymbia citriodora; and B, Eucalyptus urophylla.
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development (Yang et al.,, 1995; Lago et al., 2009)
and the studied metabolic process (Soltani & Sinclair,
2012). In the present study, the values of Tb estimated
for Corymbia citriodora (8.7°C) were close to the
values reported for leaf development of other perennial
crops, such as: E. saligna, 8.0°C (Martins et al.,
2007); Acer pensylvanicum, Acer rubrum, and Betula
popifolia, 7.5°C (Chiang & Brown, 2007); and the
olive cultivar Olea europaea 'Grappolo', 9.6°C (Souza
& Martins, 2014). As to growth (Almeida & Sands,
2016), leaf area index (Battaglia et al., 1996), and
photosynthetic process (Sands & Landsberg, 2002) of
Eucalyptus globulus, Tb values of 8.5, 7.8, and 7.5°C
were observed, respectively. Regarding the vegetative
development of annual crops, close values of Tb were
observed, as from 7.0 to 8.0°C, in ryegrass (Miiller et
al., 2009), and 8.0 to 10.9°C in irrigated rice (Lago et
al., 2009).

The Tb value of 11.5°C in E. urophylla is close to
the one reported for leaf development of E. grandis
(10.0°C) (Martins et al., 2007) and other perennial
crops, such as: Quercus alba and Populus tremuloides,
with 10.0°C (Chiang & Brown, 2007); the olive
cultivars Arbequina, with 10.5°C, and MGS ASC315,
with 11.0°C (Martins et al., 2012); mango, with 10.6°C
(Callejas et al., 2014); and arabica coffee cultivars
Rubi MG-1192 and Acaia Cerrado MG-1474, with
12.9°C (Lima & Silva, 2008). Close Tb values were
also reported for some annual crops, such as canola
hybrids, with 9.9 and 10.0°C (Luz et al., 2012), and red
rice biotypes, with 9.9 and 10.5°C (Lago et al., 2009).

The estimated TB values was obtained according to
“case 17, where TB >Tmed> Tb. For C. citriodora, the
TB value observed was 41.3°C and, for E. urophylla,
40.5°C. According to the results, C. citriodora
shows tolerance to higher temperatures, with a TB
slightly higher than that for E. urophylla, during the
seedling phase, besides the higher tolerance to lower
temperatures (Tb = 8.7°C, compared to 11.5°C obtained
for E. urophylla). The effect of air temperature above
TB can induce significant anomalies on the eucalyptus
growth and development, such as floral abortion,
reduction of leaf emission, excess of lateral branches,
loss of apical dominance and reduction of survival
rate (Paton, 1980). The TB values obtained in the
present study are realistic, from the biological point
of view, and are similar to the values obtained for
E. globulus and Pinus ponderosa (40.0°C) (Sands &
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Landsberg, 2002; Landsberg et al., 2003) and higher
than those reported for E. grandis (36.0°C) and E.
saligna (35.0°C) (Martins & Streck, 2007). However,
lower TB values are normally observed in perennial or
annual crops, such as wheat, rice-red biotypes (35.0°C)
(Rosa et al., 2009; Streck et al., 2011), coffee (32.4°C)
(Lima & Silva, 2008), and cashew (30.7°C) (Matos
et al., 2014). Due to the large variation in TB values
for annual crops, as presented in the literature, it is
possible to infer that perennial crops are more tolerant,
and therefore more adapted to higher air temperatures.

Optimum temperatures were obtained by linear
regressions, which resulted in high R? adjusted values
(above 0.864), low MSE (lower than 3.847), significant
coefficients (p<0.05), and linearity between leaf
development and air temperature (Figures 2 and 3). In
addition, they indicated that air temperature strongly
affects leaf emission in the two evaluated species, and
that their estimation is possible with the use of the
proposed methodology by Lisboa et al. (2012).

The variance analysis for phyllochron showed a
significant effect of both sources of variation (p<0.05),
without a significant interaction (p=0.0940). The
phyllochron mean values were 62.95+15.15°C day per
leaf, in C. citriodora, and 46.03+10.89°C day per leaf
in E. urophylla. Therefore, C. citriodora demands
greater energy accumulation for the emission of a leaf
in the main stem, in comparison to E. urophylla. This
result may have occurred due to the lower Tb value
obtained for C. citriodora (8.7°C), which resulted in
a higher thermal accumulation for the species at the
same air temperature.

In the field, E. urophylla showed a greater leaf
development, higher emergence speed, better seedling
uniformity, and faster leaf emission than C. citriodora.
Different phyllochron values were reported for other
eucalyptus species, such as E. grandis (32.0°C day per
leaf) and E. saligna (30.7°C day per leaf) (Martins et
al., 2007), for the olive cultivars Arbequina (21.7°C
day per leaf) and MGS ASC315 (41.6°C day per leaf)
(Martins et al., 2012), as well as for annual crops such
as watermelon (23.4°C day per node) (Lucas et al.,
2012) and eggplant (24.7°C day per leaf) (Maldaner et
al., 2009).

Phyllochron mean values for the different sowing
dates (Table 3) was lower and, consequently, the
development rate was higher in El, and lower for E2,
E5 and EIO, indicating that the plants develop better
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Figure 2. Relationship between the number of accumulated leaves in the main stem (NL) and the accumulated thermal time
from the emergence (ATT), used for the phyllochron estimation of Corymbia citriodora seedlings, in the following sowing
dates: A, El; B, E2; C, E3; D, E4; E, ES; F, E6; G, E7; H, ES8; I, E9; J, E10; and K, E11. Data are representative of a single
experimental unit (NL obtained by the arithmetic mean in this experimental unit ), in each sowing date.
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Figure 3. Relationship between the number of accumulated leaves in the main stem (NL) and the accumulated thermal
time (TT) from the emergence used for the phyllochron estimation of Eucalyptus urophylla seedlings, in the following
sowing dates: A, El; B, E2; C, E3; D, E4; E, ES; F, E6; G, E7; H, ES; I, E9; and J, E11. Data are representative of a single
experimental unit (NL obtained by the arithmetic mean of the experimental unit), in each sowing date.
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under the temperature and meteorological conditions
observed during El. Thus, the optimum temperature
was 17.1°C, determined by the arithmetic mean of the
average temperatures for the sowing date with the
greatest vegetative development (Lisboa et al., 2012),
for both species. These values are biologically realistic
and resemble those found for photosynthesis (10.0 to
15.0°C) and growth (16.0°C) of E. globulus (Battaglia
et al., 1996; Almeida & Sands, 2016) and P. ponderosa
(20.0°C) (Landsberg et al., 2003) and, also, for the olive
cultivars Arbequina (16.1°C) and MGS ASC315 (14.7°C)
(Lisboa et al., 2012).

Information on the estimation of cardinal
temperatures for the seedling phase of forest species
is scarce. Nonetheless, such information is very useful
to know the most adapted species to the climatic
conditions of cultivation (Martins et al., 2012; Souza
& Martins, 2014), as well as to provide planning,
management, and crop treatments in field conditions.
In addition, these values are constantly used in air
temperature functions which make part of development
and production models (Soltani & Sinclair, 2012;
Martins et al., 2014; Almeida & Sands, 2016).

Table 3. Mean values for phyllochron (°C day per leaf)
for the eleven sowing dates of Corymbia citriodora and

Eucalyptus urophylla®.

Sowing date Phyllochron (°C day per leaf)

El 32.77a
E2 69.50d
E3 47.74b
E4 52.10b
E5 78.98d
E6 62.08¢c
E7 60.63c
E8 51.06b
E9 51.26b
E10 71.57d
Ell 43.46b
Average 55.92

(MMeans followed by equal letters do not differ by the Tukey’s test, at 5%
probability.

Conclusions

1. The cardinal temperatures for leaf development
of Corymbia citriodora in the seedling phase are 8.7,
17.1, and 41.3°C, for the base, optimum, and maximum

temperatures, respectively; and for Eucalyptus
urophylla, these temperatures are 11.5, 17.1, and
40.5°C, respectively.

2. The average phyllochron of C. citriodora is
62.95°C day per leaf, and for E. urophylia it is 46.03°C
day per leaf.
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